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struct xLIST_ITEM {

TickType_t xItemValue; /*x HWEBNME, ATEBT SMINEHES */
struct xLIST_ITEM * pxNext; /% EEERT—TTR */
struct xLIST_ITEM * pxPrevious; /* FEEERI—TTR */
void * pvOwner; /* EEARZTRNARNR, BEE TCB x/
struct xLIST x configLIST_VOLATILE pxContainer; /* IBMENZTD SRENREER */
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typedef struct xLIST {
UBaseType_t uxNumberOfItems; /* fERTmITEEE */

ListItem_t % pxIndex; /x PERTRES|IEH +/
MiniListItem_t xListEnd; /*x BREFE—TTERY/
} List_t;
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void vListInitialise( List_t * const pxList ){

/¥R ARSEHENRE—TTR, BIE—TTR, ERFITTREEH, BEAXTTRAREAT
RITEEERE/

pxList->pxIndex = ( ListItem_t * ) &( pxList->xListEnd );

/¥BRERRE (BWAIMERAE—) — I TRNEBHIFNERENRA, BRIZTERMERRNIRET
= (LA B AE—) */

pxList->xListEnd.xItemValue = portMAX_DELAY;

/¥BRE—TTSR (BT MXEBIE—) B pxNext 1 pxPrevious 1EHIIEMTRES, RREERN
3 */

pxList->xListEnd.pxNext = ( ListItem_t *x ) &( pxList—>xListEnd );
pxList->xListEnd.pxPrevious = ( ListItem_t * ) &( pxList—>xListEnd );
/¥R RITEEENERN 0, RTBERATH/

pxList->uxNumberOfItems = ( UBaseType_t ) 0U;
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void vListInsert( List_t % const pxList, ListItem_t x const pxNewListItem ){
ListItem_t *xpxIterator;



const TickType_t xValueOfInsertion = pxNewListItem—->xItemValue;

/* Insert the new list item into the list, sorted in xItemValue order.
If the list already contains a list item with the same item value then the
new list item should be placed after it. This ensures that TCBs which are
stored in ready lists (all of which have the same xItemValue value) get a
share of the CPU. However, if the xItemValue is the same as the back marker
the iteration loop below will not end. Therefore the value is checked
first, and the algorithm slightly modified if necessary. *x/
if( xValueOfInsertion == portMAX_DELAY ){

pxIterator = pxList—->xListEnd.pxPrevious;
Yelse{

for( pxIterator = ( ListItem_t x ) &( pxList->xListEnd ); pxIterator—>pxNext-

>xItemValue <= xValueOfInsertion; pxIterator = pxIterator—>pxNext )

b

pxNewListItem—>pxNext = pxIterator—>pxNext;
pxNewListItem—>pxNext->pxPrevious = pxNewListItem;
pxNewListItem—>pxPrevious = pxIterator;
pxIterator->pxNext = pxNewListItem;

/* Remember which list the item is in. This allows fast removal of the
item later. x/

pxNewListItem—>pxContainer = pxList;

( pxList—>uxNumberOfItems )++;
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C. FreeRTOSH{ERAHER

List_t pxReadyTasksLists[configMAX_PRIORITIES] : Prioritised ready tasks.

List_t xDelayedTaskListl: Delayed tasks for delays.

List_t xDelayedTaskList2: Delayed tasks for overflowed the current tick count.

List_t xPendingReadylList: Tasks that have been readied while the scheduler was

suspended. They will be moved to the ready list when the scheduler is resumed.

e List t xTasksWaitingTermination: Tasks that have been deleted - but their memory
not yet been freed.

e List_t xSuspendedTaskList: Tasks that are currently suspended.
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MESIRMEMN void prvInitialiseTaskLists( void ):

static void prvInitialiseTaskLists( void ){
UBaseType_t uxPriority;

for( uxPriority = ( UBaseType_t ) 0U; uxPriority < ( UBaseType_t )
configMAX_PRIORITIES; uxPriority++ ){
vListInitialise( &( pxReadyTasksLists[ uxPriority ] )

~

.
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b

vListInitialise( &xDelayedTaskListl );
vListInitialise( &xDelayedTaskList2 );
vListInitialise( &xPendingReadyList );

#if ( INCLUDE_vTaskDelete == 1 ){
vListInitialise( &xTasksWaitingTermination );

}
#endif /* INCLUDE_vTaskDelete x/

#if ( INCLUDE_vTaskSuspend == 1 ){
vListInitialise( &xSuspendedTaskList );



}
#endif /* INCLUDE_vTaskSuspend x/

/* Start with pxDelayedTaskList using listl and the pxOverflowDelayedTaskList
using list2. *x/

pxDelayedTaskList = &xDelayedTaskListl;

pxOverflowDelayedTaskList = &xDelayedTaskList2;
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BESBENZIFHETIR void prvAddNewTaskToReadyList( TCB_t *pxNewTCB ) :
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static void prvAddNewTaskToReadyList( TCB_t *pxNewTCB ){
/* Ensure interrupts don't access the task lists while the lists are being
updated. *x/
taskENTER_CRITICAL();
{
uxCurrentNumberOfTasks++;
if( pxCurrentTCB == NULL ){
/* There are no other tasks, or all the other tasks are in the suspended state
— make this the current task. */
pxCurrentTCB = pxNewTCB;
if( uxCurrentNumberOfTasks == ( UBaseType_t ) 1 ){

/* This is the first task to be created so do the preliminary initialisation
required. We will not recover if this call fails, but we will report the failure.
*/

prvInitialiseTaskLists();

¥
Yelse{
/* If the scheduler is not already running, make this task the current task if
it is the highest priority task to be created so far. x/
if( xSchedulerRunning == pdFALSE ){
if( pxCurrentTCB->uxPriority <= pxNewTCB->uxPriority ){
pxCurrentTCB = pxNewTCB;
¥
}
b



uxTaskNumber++;

/* Place the task represented by pxTCB into the appropriate ready list for the
task. It is inserted at the end of the list.x/
prvAddTaskToReadyList( pxNewTCB );
}
taskEXIT_CRITICAL();

if( xSchedulerRunning !'= pdFALSE ){
/* If the created task is of a higher priority than the current task then it
should run now. *x/
if( pxCurrentTCB—>uxPriority < pxNewTCB->uxPriority )<{
taskYIELD_IF_USING_PREEMPTION();

+
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}
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/*

* Task control block. A task control block (TCB) is allocated for each task,
* and stores task state information, including a pointer to the task's context
* (the task's run time environment, including register values)
*/
typedef struct tskTaskControlBlock {

StackType_t  *pxTopOfStack; Ve ALY

ListItem_t xStateListItem;  /#(EETE*/

ListItem_t xEventListItem; /*x< Used to reference a task from an event list. *x/
UBaseType_t  uxPriority; /T R*/

StackType_t  *pxStack; /* SR mi*/

char pcTaskName[ configMAX_TASK_NAME_LEN ];

#if ( ( portSTACK_GROWTH > @ ) || ( configRECORD_STACK_HIGH_ADDRESS == 1 ) )
StackType_t *pXEndOfStack;
#endif



#if ( portCRITICAL_NESTING_IN_TCB == 1 )
UBaseType_t uxCriticalNesting; /*< Holds the critical section nesting depth for

ports that do not maintain their own count in the port layer. %/

#endif

#if ( configUSE_MUTEXES == 1 )
UBaseType_t uxBasePriority; /*< The priority last assigned to the task - used by

the priority inheritance mechanism. x/

UBaseType_t  uxMutexesHeld;

#endif
} tskTCB;
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i, FHEENESEAE CPU NEAIN, BASS5RE, RIFEMNERSHER

PRESLIERS (Suspended) : FSTLABTIEA vTaskSuspend() API REREBEI DU TFERIRSHIESE
i, FEENESEAE CPU NEAIN, BASS5RE, RIFEMNERSHER

BITSEIERS (Suspended) : FSTLUETIEA vTaskSuspend() API REEBEILUBATFEIRSHIESE
e, FEENESEAE CPU NEAIN, BAES5RE, RIFEMNERSHER

BERSEIMES: BE— M ERRSHISMENK—2ZMEIIA viaskResume()
vTaskResumeFromISR() API R, MNRLEMETSHMAERSTFEESTESHMER, NWeEEEST)
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BlE{ES: xTaskCreate (...)

FreeRTOSIREAY X TF(ESBIZAIAPL:

o TaskHandle_t xTaskCreateStatic( ... ): AP PERESZSMRAEZNTCBAE, MANBESES
o BaseType_t xTaskCreateRestrictedStatic( ... ): MPURIFTFHIERSESEIE
o BaseType_t xTaskCreateRestricted( ... ): MPURIFTHISISESEIE
o BaseType_t xTaskCreate( ... ):@ EIESEIE, RAMARSHERP O EERNEFEMNTCBAE
HigAREEIE:
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BaseType_t xTaskCreate( TaskFunction_t pxTaskCode,

const char * const pcName,
const configSTACK_DEPTH_TYPE usStackDepth,
void *x const pvParameters,
UBaseType_t uxPriority,
TaskHandle_t * const pxCreatedTask ){

TCB_t *pxNewTCB;

BaseType_t xReturn;



/* Allocate space for the TCB. Where the memory comes from depends on
the implementation of the port malloc function and whether or not static
allocation is being used. *x/
pxNewTCB = ( TCB_t * ) pvPortMalloc( sizeof( TCB_t ) );
if( pxNewTCB != NULL ) {
/* Allocate space for the stack used by the task being created.
The base of the stack memory stored in the TCB so the task can
be deleted later if required. x/
pxNewTCB—>pxStack = (StackType_tx)pvPortMalloc((((size_t)usStackDepth) x
sizeof (StackType_t)));
if( pxNewTCB—>pxStack == NULL ){
/* Could not allocate the stack. Delete the allocated TCB. */
vPortFree( pxNewTCB );
pxNewTCB = NULL;
}
¥
if( pxNewTCB != NULL ){
prvInitialiseNewTask( pxTaskCode, pcName, ( uint32_t ) usStackDepth,
pvParameters, uxPriority, pxCreatedTask, pxNewTCB, NULL );
prvAddNewTaskToReadyList( pxNewTCB );
XReturn = pdPASS;

Yelse{
XReturn = errCOULD_NOT_ALLOCATE_REQUIRED_MEMORY;
}
return xReturn;
}
MIER{ES: vTaskDelete( ... )
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o BESMMETIRTMR, MEMEREMEIIRNVEKERO, HEIRBEMENTS, Nz
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fiL
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void vTaskDelete( TaskHandle_t xTaskToDelete ){
TCB_t *pxTCB;
taskENTER_CRITICAL();
{
/* If null is passed in here then it is the calling task that is being deleted.
*/
pxTCB = prvGetTCBFromHandle( xTaskToDelete );



/* Remove task from the ready list. */

if( uxListRemove( &( pxTCB->xStateListItem ) ) == ( UBaseType_t ) 0 ){
taskRESET_READY_PRIORITY( pxTCB->uxPriority );

¥

/* Is the task waiting on an event also? *x/

if( UistLIST_ITEM_CONTAINER( &( pxTCB->xEventListItem ) ) !'= NULL ){
( void ) uxListRemove( &( pxTCB—>xEventListItem ) );

¥

/* Increment the uxTaskNumber also so kernel aware debuggers can detect that the
task lists need re-generating. This is done before

portPRE_TASK_DELETE_HOOK() as in the Windows port that macro will not return. x/

uxTaskNumber++;

if( pxTCB == pxCurrentTCB ){
/* A task is deleting itself. This cannot complete within the task itself, as
a context switch to another task is required.
Place the task in the termination list. The idle task will check the
termination list and free up any memory allocated by
the scheduler for the TCB and stack of the deleted task. */
vListInsertEnd( &xTasksWaitingTermination, &( pxTCB->xStateListItem ) );

/* Increment the ucTasksDeleted variable so the idle task knows there is a
task that has been deleted and that it should therefore

check the xTasksWaitingTermination list. */

++uxDeletedTasksWaitingCleanUp;

/* The pre—-delete hook is primarily for the Windows simulator, in which
Windows specific clean up operations are performed,

after which it is not possible to yield away from this task - hence
xYieldPending is used to latch that a context switch is

required. */

portPRE_TASK_DELETE_HOOK( pxTCB, &xYieldPending );

telse{
——uxCurrentNumberOfTasks;
prvDeleteTCB( pxTCB );

/* Reset the next expected unblock time in case it referred to the task that
has just been deleted. *x/
prvResetNextTaskUnblockTime();
b
¥
taskEXIT_CRITICAL();

/* Force a reschedule if it is the currently running task that has just been
deleted. */
if( xSchedulerRunning !'= pdFALSE ){
if( pxTCB == pxCurrentTCB ){
portYIELD WITHIN_API();
b
¥
b

{FSAIFEL: vTaskDelay( ... )
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o FERSASME xTicksToDelay BAT 0 1 tick, BN=HITEHITIRES

o EEESHESR
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o SEHILNIRIES, A portYIELD_WITHIN_API () K%0I§ PendSV HIbit28&1

void vTaskDelay( const TickType_t xTicksToDelay ){
BaseType_t xAlreadyYielded = pdFALSE;

/* A delay time of zero just forces a reschedule. *x/
if( xTicksToDelay > ( TickType_t ) 0U ){
vTaskSuspendAll();
{
/* A task that is removed from the event list while the scheduler is suspended
will not get placed in the ready
list or removed from the blocked list until the scheduler is resumed.

This task cannot be in an event list as it is the currently executing task. *x/
prvAddCurrentTaskToDelayedList( xTicksToDelay, pdFALSE );
I
xAlreadyYielded = xTaskResumeAll();
}

/* Force a reschedule if xTaskResumeAll has not already done so, we may have put
ourselves to sleep. *x/
if( xAlreadyYielded == pdFALSE ){
portYIELD _WITHIN_API();
}
}

BRSNS

o xCanBlockIndefinitely RiREBE T UKAEE, 2R pdFALSERRARFKARE, WML R1FE
RLARES, MURZ pdTRUE, MATAKRFEZE
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xNextTaskUnblockTime Jy It B2 & Bl S AT {E S AYAT[E] XTimeToWake

static void prvAddCurrentTaskToDelayedList( TickType_t xTicksToWait, const
BaseType_t xCanBlockIndefinitely ){

TickType_t xTimeToWake;

const TickType_t xConstTickCount = xTickCount;

/* Remove the task from the ready list before adding it to the blocked list as the
same list item is used for both lists. *x/
if( uxListRemove( &( pxCurrentTCB—>xStateListItem ) ) == ( UBaseType_t ) 0 ){
/* The current task must be in a ready list, so there is no need to check, and
the port reset macro can be called directly. *x/
portRESET_READY_PRIORITY( pxCurrentTCB->uxPriority, uxTopReadyPriority );
¥

if( ( xTicksToWait == portMAX_DELAY ) && ( xCanBlockIndefinitely != pdFALSE ) )
{
/* Add the task to the suspended task list instead of a delayed task list to
ensure it is not woken by a timing event. It will block
indefinitely. */
vListInsertEnd( &xSuspendedTaskList, &( pxCurrentTCB->xStatelListItem ) );
Yelse{
/* Calculate the time at which the task should be woken if the event does not
occur. This may overflow but this doesn't matter, the
kernel will manage it correctly. *x/
xTimeToWake = xConstTickCount + xTicksToWait;

/* The list item will be inserted in wake time order. x/
1istSET_LIST_ITEM_VALUE( &( pxCurrentTCB->xStateListItem ), xTimeToWake );

if( xTimeToWake < xConstTickCount )<{
/*x Wake time has overflowed. Place this item in the overflow list. x/
vListInsert( pxOverflowDelayedTaskList, &( pxCurrentTCB->xStatelListItem ) );
Yelse{
/* The wake time has not overflowed, so the current block list is used. *x/
vListInsert( pxDelayedTaskList, &( pxCurrentTCB—>xStateListItem ) );

/* If the task entering the blocked state was placed at the head of the list
of blocked tasks then xNextTaskUnblockTime
needs to be updated too. *x/
if( xTimeToWake < xNextTaskUnblockTime ){
XNextTaskUnblockTime = xTimeToWake;

{ESRIEE2: vTaskDelayUntil( ... )



vTaskDelayUntil() 5 vTaskDelay () —### 2 R TIMESHE MR, {8 vTaskDelay () BIFERT 2

B, BAMEN, EMNERESE vTaskDelay () ARATERFBITEN., #H vTaskDelay () JERTAYAT(E]
BT ZE, NRESMNARNESHEPRTEENIT, HENBEENESHASD LBREE, AAE8RNITE
SHRERHRELME., M vTaskDelayUntil() R 24334, FERAFRABAMRITHES.

Y (kpxPreviousWakeTime + xTimeIncrement) BY[E)EiAfS, vTaskDelayUntil() R#EIIZIRE, a0

RESEESMAERN, PBAESSILDEMREE,

o

TickType_t * const pxPreviousWakeTimeiga—1T &, ZET8REFEEISEE—IREREZENLN
NZl, F—XERN, ZEE2LAVIENT N ERIEE, ZEXTNEERE vTaskDelayUntil() REAE
EH

s xTimeIncrement: {E53EHARTE]

» pxPreviousWakeTime: t— RIGEZ(ESSHIATIE) =

» XTimeToWake: Z\)REMEEE(ESSHYAT(E] =

» xConstTickCount: # \ZERTAYATIE) =

xTimeToWake EEAEIAAT(E], HATEZTF (kpxPreviousWakeTime + xTimeIncrement) i, {E5&
FRPEZE, MREAHLTSHE xTimeIncrement BE, AR ZERFNESSIRBEEMERNIT
SRENFHIA B 1T R AT RO A 8] s

TTEIERRARETE), thFlEMREEESRIATE], HFEE xTickCount 5 xTimeToWake AJRERIEH, FRIA
2 3 i R & s 1

pxPreviousWakeTime {R{ZHIE LIRMREERT B, MREESHRE—ENBHRITESEMHAE, MR LIRRE
RS (E] AT HR0AT(E], RBAHRITHE ST

WMRARESHIMEEERT 8]/ \F LIRIREERT 8], {E@AKTFIRH NERTRIRT (8], & A\FERTAYRY (8] 5 (S IRERAY
BHEFELRE T, XEMAINEHZERTY

B £ —IRIREE(ESSHIRT[E] pxPreviousWakeTime

prvAddCurrentTaskToDelayedList() R FER SEENBIMASMEER B, EULRMESRIRIFEN
FERTAYAT(E] xConstTickCount

SBHIHAT—R LT X%

void vTaskDelayUntil( TickType_t * const pxPreviousWakeTime, const TickType_t
xTimeIncrement ){

TickType_t xTimeToWake;

BaseType_t xAlreadyYielded, xShouldDelay = pdFALSE;

vTaskSuspendAll();

{

/* Minor optimisation. The tick count cannot change in this block. */
const TickType_t xConstTickCount = xTickCount;

/* Generate the tick time at which the task wants to wake. *x/
xTimeToWake = *xpxPreviousWakeTime + xTimeIncrement;

if( xConstTickCount < xpxPreviousWakeTime ){
/* The tick count has overflowed since this function was lasted called. 1In

this case the only time we should ever

actually delay is if the wake time has also overflowed, and the wake time is

greater than the tick time. When this

o

is the case it is as if neither time had overflowed. */
if( ( xTimeToWake < *xpxPreviousWakeTime ) && ( xTimeToWake > xConstTickCount )



5.

xShouldDelay = pdTRUE;
¥
Yelse{
/* The tick time has not overflowed. 1In this case we will delay if either the
wake time has overflowed, and/or the
tick time is less than the wake time. x/
if( ( xTimeToWake < *xpxPreviousWakeTime ) || ( xTimeToWake > xConstTickCount )
){
xShouldDelay = pdTRUE;
¥
¥

/* Update the wake time ready for the next call. *x/
*pXxPreviousWakeTime = xTimeToWake;

if( xShouldDelay !'= pdFALSE ){
/* prvAddCurrentTaskToDelayedList() needs the block time, not the time to
wake, so subtract the current tick count. x/
prvAddCurrentTaskToDelayedList( xTimeToWake - xConstTickCount, pdFALSE );
}
}
xAlreadyYielded = xTaskResumeAll();

/* Force a reschedule if xTaskResumeAll has not already done so, we may have put
ourselves to sleep. *x/
if( xAlreadyYielded == pdFALSE ){
portYIELD_WITHIN_API();
}
b

H#2{ES: vTaskSuspend( ... )

HREEES. RIEENESBAREE CPU BERN, FEZESEEHAMRKR. ESTUETEA
vTaskSuspend() REERAT G TFERPIASHESER, RIEENESBAIICPUNERN, BRE258
E, BT REEMEEAT LN, RIFENERSTER., WRHNERSENT:

o MRZ/AEFIRFPRREVEEIEENTS, AEREHRSMERTE uxReadyPriorities

o MRIEBEEFEFEMN, BRESMNEGEHIIRPBIR

o BESIKSRMENERTIRSF ., EFreeRTOSHEETHNIIRAFIERESZHRT, ERTSHEESHIIR
= xSuspendedTaskList, FRE#IFEEMNESEHSKEIX TR

o BEET—MESBMEMREZENE., EFMTE—TEEZKNENIT T —MES, WRTMESHOED, RF
EFEEENBNMES, BAMBAERNT, AAEENESHEAERMSEAI AN, FRNAESRELE
SIEFERSHESHTREE, FINEEMMERTIRFPRET— 1 EREMREENTS

o MRFEEMNBHAETHNES, HERRBERCEZXREEITHN, WEEILEMIRES. TARANESMEBIL
T, XEATFH

o RE2IRIETIT( xSchedulerRunning == pdFALSE ), {EpxCurrentTCBi5@AIESNINI#EIER, FRLA
WHNINEE pxCurrentTCB AIE@EM A IEITHES

o BSTIARERE ListCURRENT_LIST_LENGTH() #IBi— FTRARHENISET2HITRT, MEEE
FI& xSuspendedTaskList WKERAEEFT uxCurrentNumberOfTasks, B EHARKAIXFM
ER, AAZERNESE AR TFHIERIAEEN, DIRIERAZAPTICWEEHE —MESH UIBIT

o MR BHEEHMIZESME, EIE pxCurrentTCBIZEANULL, EEIET—MESE pxCurrentTCB
BEFWKIZE, BERIMEHTINTIXE, BARZHPNTRESKIZETNIETH

o MRBHMANBITHES, NINHREIEHMES



void vTaskSuspend( TaskHandle_t xTaskToSuspend )
{
TCB_t *pxTCB;
taskENTER_CRITICAL();
{
/% If null is passed in here then it is the running task that is being
suspended. x/
pXTCB = prvGetTCBFromHandle( xTaskToSuspend );
/* Remove task from the ready/delayed list and place in the suspended list. x/
if( uxListRemove( &( pxTCB->xStateListItem ) ) == ( UBaseType_t ) 0 ){
taskRESET_READY_PRIORITY( pxTCB—>uxPriority );
b
/* Is the task waiting on an event also? *x/
if( UVistLIST_ITEM_CONTAINER( &( pxTCB->xEventListItem ) ) !'= NULL ){
( void ) uxListRemove( &( pxTCB->xEventListItem ) );
b
/* Add task to suspended list */
vListInsertEnd( &xSuspendedTaskList, &( pxTCB—->xStateListItem ) );
}
taskEXIT_CRITICAL();

if( xSchedulerRunning !'= pdFALSE ){
/* Reset the next expected unblock time in case it referred to the task that is
now in the Suspended state. x/
taskENTER_CRITICAL();
{
prvResetNextTaskUnblockTime();
}
taskEXIT_CRITICAL();
}

if( pxTCB == pxCurrentTCB ){

if( xSchedulerRunning !'= pdFALSE ){
/* The current task has just been suspended. *x/
portYIELD WITHIN_API();

telse{
/* The scheduler is not running, but the task that was pointed
to by pxCurrentTCB has just been suspended and pxCurrentTCB
must be adjusted to point to a different task. x/
if( UistCURRENT_LIST_LENGTH( &xSuspendedTaskList ) == uxCurrentNumberOfTasks )

/* No other tasks are ready, so set pxCurrentTCB back to
NULL so when the next task is created pxCurrentTCB will
be set to point to it no matter what its relative priority
is. */
pxCurrentTCB = NULL;

Yelse{
vTaskSwitchContext();

}

b
b
}

6. IEHIAERE: vTaskSuspendAll()



Lf@@?ﬁﬁ%&xﬂﬁi MMEEAERBE, FEXTRHAEINHITHREN., AESRFEEEENAsEH

TETXR, BERHMESEEN, SRESEIEENMME, NREPMEFEEHITLETXIR, BAXDHET
h wiER, TRESRME ZE7 MMALX TR, FERRERIAIERA xTaskResumeAlLL() RE, BARTZH
JBgvTaskSuspendAll() FIEREAZ /MR xTaskResumeAll() #1TIRE .,

uxSchedulerSuspended BFicRAE RS HIERL, ZTE2BIAPIREN pdFALSE, RIBAE R Z&EE
Y, BIAA—/R vTaskSuspendAll() REFIEEZENN—, ATFICRKBAT 2R vTaskSuspendAll() &
BHITIRE

void vTaskSuspendAll( void ){
++uxSchedulerSuspended;

}

WEESE: vTaskResume( ... )

ESMEMBILEENESERHAMERTS, RENESERBIFENPRTER, EMENIRMRIRIEEZN
FPRESHREIET, WRBMETSEMBMESEST, ATESMARIIRNE—(L, BLARFARKHTES L
TXHR, BIEZEAT:

o xTaskToResume 2MEIBEELEZHES T, RIE xTaskToResume {EE A HRIRENXT N FI(ESS 1R HI R

o PXTCBERITHIRIBHAEGEANILL, EEEELEENTIZSTREMRE, BNERENTSTERHFIE
AEBTES, ERHEIEEIET (B8 NESAEEMRE, REMSELATHESHES

o HAIRRKX, BHIE#EITHT

o FIMEMENTRZETENRIERT, IRBEESZTEMRE, RFEEEPRHALATERE

o BEMEMNESMIERIIRDMER, EFreeRTOSHE L TNIIRBTICEZESHIRES, ERESHEHELESH
FFRME xSuspendedTaskList, MEMREFESZIMIEEIMRERES MIIRFPRIBR

o BEMEMNTISRMEMEIIRPE, EBSMNEESMENMES., FreeRTOSLEEETHNIIRIEEKLTF
MESHES, X1 IR E pxReadyTasksLists

o &u%If’EE’JERﬁt?ﬁﬂtl:éiﬁﬁET‘i:ﬁE’JfJ_‘rﬁﬁl‘:%&E‘m‘, NEZHRTESHR, A
Fi taskYIELD_IF_USING_PREEMPTION() ##4T—R{EHZ Nk

void vTaskResume( TaskHandle_t xTaskToResume ){
TCB_t * const pxTCB = xTaskToResume;

/* The parameter cannot be NULL as it is impossible to resume the currently
executing task. */
if( ( pxTCB != pxCurrentTCB ) && ( pxTCB !'= NULL ) ){
taskENTER_CRITICAL();
{
if( prvTaskIsTaskSuspended( pxTCB ) != pdFALSE ){
/* The ready list can be accessed even if the scheduler is suspended because
this is inside a critical section. *x/
( void ) uxListRemove( &( pxTCB—>xStateListItem ) );
prvAddTaskToReadyList( pxTCB );

/* A higher priority task may have just been resumed. */

if( pxTCB->uxPriority >= pxCurrentTCB—>uxPriority ){
/* This yield may not cause the task just resumed to run, but will leave

the lists in the correct state for the next yield. x/

taskYIELD_IF_USING_PREEMPTION();

¥

}
¥



8.

9.

taskEXIT_CRITICAL();
b
}

MISRPEE(FSS: xTaskResumeFromISR( ... )

xTaskResumeFromISR() 5 vTaskResume () —#£#EH FIREBIEEMNES, F—HHN

;& XTaskResumeFromISR() E[AERKIRSEFF, TILBIEA R ZIRX vTaskSuspend () REM
WIERAES, tLRFEIFA—/X xTaskResumeFromISR() RERENAIfRE, EREERZEELTE
FreeRTOSConfig. hdA3E INCLUDE_vTaskSuspend #1 INCLUDE_vTaskResumeFromISR#E X 1A G,
ESTEE AT HERSHNE, A xTaskResumeFromISR() FHEEEBEMENXH,

BaseType_t xTaskResumeFromISR( TaskHandle_t xTaskToResume ){
BaseType_t xYieldRequired = pdFALSE;
TCB_t * const pxTCB = xTaskToResume;
UBaseType_t uxSavedInterruptStatus;

portASSERT_IF_INTERRUPT_PRIORITY_INVALID();

uxSavedInterruptStatus = portSET_INTERRUPT_MASK_FROM_ISR();
{
if( prvTaskIsTaskSuspended( pxTCB ) != pdFALSE ){
/* Check the ready lists can be accessed. *x/
if( uxSchedulerSuspended == ( UBaseType_t ) pdFALSE ){
/* Ready lists can be accessed so move the task from the suspended list to
the ready list directly. x/
if( pxTCB->uxPriority >= pxCurrentTCB—>uxPriority ){
xYieldRequired = pdTRUE;
¥
( void ) uxListRemove( &( pxTCB->xStateListItem ) );
prvAddTaskToReadyList( pxTCB );
Yelse{
/* The delayed/ready lists cannot be accessed so the task is held in the
pending ready list until the scheduler is unsuspended. *x/
vListInsertEnd( &( xPendingReadylList ), &( pxTCB->xEventListItem ) );
}
b
}
portCLEAR_INTERRUPT_MASK_FROM_ISR( uxSavedInterruptStatus );

return xYieldRequired;

}

WmEMEESS: xTaskResumeAll()

YA T vTaskSuspendAll() RECEAERERE, BEMERAESRNMZERNMEER
FB xTaskResumeAll() RE, REBEUT:

o MRPEB/MELETTIE, LMB ARSI IEREL, MILUBFAEFAENMEES MFLIERET
#& xPendingReadyList BahEE HMFETIR+

o HIFIERETIK xPendingReadyList FRIFTHIER, MBEBFIEMEIRPESEER, R
BImETIRFRE



o WRBHMIESHMAERSTHRES, FTEHIT RIS, EE xYieldPending = pdTRUE &
MNEERITES TR

o TEIRAESRMWIERR, ETSKMmMRAZE, XrgEfHlET EFNTE T — T HEREZERNE, EXMERLT, SE&
B T —MESKMRIRFEZERE), A prvResetNextTaskUnblockTime () ERECEMIERTFIRPIRENT—
TN ERRFEENES

o MREPEREEXERMNETEREEN RN, HEEXERNEEEZEREE, AT RESRNEES
BUREDIRES, HMREFERONENIZEIGIEXLEES, XEFEERR TS ENSRNITRASER, th
RIE T BT B R NES TS E RN EIRE

o @M xTaskIncrementTick() REEKR S B HFHITRNES, WRBNNIZHITES KR

o MREEFEYH, NEMA taskYIELD_IF_USING_PREEMPTION() R &ie—IR{ESZ ik

BaseType_t xTaskResumeAll( void ){
TCB_t *pxTCB = NULL;
BaseType_t xAlreadyYielded = pdFALSE;

taskENTER_CRITICAL();
{

——uxSchedulerSuspended;

if( uxSchedulerSuspended == ( UBaseType_t ) pdFALSE ){
if( uxCurrentNumberOfTasks > ( UBaseType_t ) 0U ){
/* Move any readied tasks from the pending list into the appropriate ready
list. *x/

while( listLIST_IS_EMPTY( &xPendingReadylList ) == pdFALSE ){
pXTCB = 1istGET_OWNER_OF_HEAD_ENTRY( ( &xPendingReadyList ) );
( void ) uxListRemove( &( pxTCB->xEventListItem ) );
( void ) uxListRemove( &( pxTCB->xStateListItem ) );
prvAddTaskToReadyList( pxTCB );

/* If the moved task has a priority higher than the current task then a
yield must be performed. *x/
if( pxTCB->uxPriority >= pxCurrentTCB—>uxPriority ){
xYieldPending = pdTRUE;
b
}

if( pxTCB != NULL ){
/* A task was unblocked while the scheduler was suspended, which may have
prevented the next unblock time from being
re-calculated, in which case re-calculate it now. Mainly important for
low power tickless implementations, where
this can prevent an unnecessary exit from low power state. *x/
prvResetNextTaskUnblockTime();
b

/*x If any ticks occurred while the scheduler was suspended then they should
be processed now. This ensures the tick count does

not slip, and that any delayed tasks are resumed at the correct time. */

{

UBaseType_t uxPendedCounts = uxPendedTicks; /* Non-volatile copy. */

if( uxPendedCounts > ( UBaseType_t ) 0U ){
do{
if( xTaskIncrementTick() != pdFALSE ){
xYieldPending = pdTRUE;



}

——uxPendedCounts;
} while( uxPendedCounts > ( UBaseType_t ) 0U );
uxPendedTicks = 0;

if( xYieldPending '= pdFALSE ){
xAlreadyYielded = pdTRUE;
b
taskYIELD_IF_USING_PREEMPTION();
}
}
b
}
taskEXIT_CRITICAL();
return xAlreadyYielded;
b

I1I. AEREE

A. BohiAEzS

TEZR/EaNH vTaskStartScheduler () RECRTR . HiAAR ¥ BaseType_t xPortStartScheduler(
void ) PIIRENESHIT.

void vTaskStartScheduler( void ){
BaseType_t xReturn;

/* Add the idle task at the lowest priority. */
/* The Idle task is being created using dynamically allocated RAM. x/
xReturn = xTaskCreate( prvIdleTask,
configIDLE_TASK_NAME,
configMINIMAL_STACK_SIZE,
( void * ) NULL,
portPRIVILEGE_BIT, /* In effect ( tskIDLE_PRIORITY | portPRIVILEGE_BIT
), but tskIDLE_PRIORITY is zero. */
&xIdleTaskHandle );

if( xReturn == pdPASS ){
xReturn = xTimerCreateTimerTask();

b

if( xReturn == pdPASS ){

/* Interrupts are turned off here, to ensure a tick does not occur before or during
the call to xPortStartScheduler(). The stacks of the created tasks contain a status
word with interrupts switched on so interrupts will automatically get re—enabled when
the first task starts to run. *x/

portDISABLE_INTERRUPTS();



xNextTaskUnblockTime = portMAX_DELAY;
xSchedulerRunning = pdTRUE;
xTickCount = ( TickType_t ) configINITIAL_TICK_COUNT;

/* Setting up the timer tick is hardware specific and thus in the portable
interface. *x/
if( xPortStartScheduler() != pdFALSE ){
/* Should not reach here as if the scheduler is running the function will not
return. x/
Yelse{
/* Should only reach here if a task calls xTaskEndScheduler(). x/
¥
Yelse{
/* This line will only be reached if the kernel could not be started, because there
was not enough FreeRTOS heap to create the idle task or the timer task. *x/
configASSERT( xReturn != errCOULD_NOT_ALLOCATE_REQUIRED_MEMORY );
}
/* Prevent compiler warnings if INCLUDE_xTaskGetIdleTaskHandle is set to @, meaning
xIdleTaskHandle is not used anywhere else. */
( void ) xIdleTaskHandle;
b

PR¥I BaseType_t xPortStartScheduler( void ) mZEMARE void prvPortStartFirstTask( void
) HREMES AT,

BaseType_t xPortStartScheduler( void ){
/* Make PendSV and SysTick the lowest priority interrupts. */
portNVIC_SYSPRI2_REG |= portNVIC_PENDSV_PRI;
portNVIC_SYSPRI2_REG |= portNVIC_SYSTICK_PRI;

/* Start the timer that generates the tick ISR. Interrupts are disabled here already.
*/
vPortSetupTimerInterrupt();

/* Initialise the critical nesting count ready for the first task. *x/
uxCriticalNesting = 0;

/* Ensure the VFP is enabled - it should be anyway. */
vPortEnableVFP();

/* Lazy save always. *x/
*( portFPCCR ) |= portASPEN_AND_LSPEN_BITS;

/* Start the first task. x/
prvPortStartFirstTask();

/* Should never get here as the tasks will now be executing! Call the task
exit error function to prevent compiler warnings about a static function
not being called in the case that the application writer overrides this
functionality by defining configTASK_RETURN_ADDRESS. Call
vTaskSwitchContext() so link time optimisation does not remove the

symbol. *x/

vTaskSwitchContext();

prvTaskExitError();



/* Should not get here! x/
return 0;

}

prvStartFirstTask() REBFHFEE—TES, TEMTEHIE, —TREMMSPHE, 2% SVCRS
R, ARERISVCHFURTARS REEEmBEIEIRRIE—MES.

static void prvPortStartFirstTask( void ){
/* Start the first task. This also clears the bit that indicates the FPU is
in use in case the FPU was used before the scheduler was started - which
would otherwise result in the unnecessary leaving of space in the SVC stack
for lazy saving of FPU registers. x/
__asm volatile(
" 1dr r@, =0xEQQQOEDOS8 \n" /* Use the NVIC offset register to locate the

stack. x/

" ldr ro, [ro] \n"

" ldr ro, [ro] \n"

" 'msr msp, ro \n" /* Set the msp back to the start of the stack.
*/

" mov ro, #0 \n" /*x Clear the bit that indicates the FPU is in

use, see comment above. x/
" msr control, r@ \n"

" cpsie i \n" /* Globally enable interrupts. */

" cpsie f \n"

n dSb \nll

n lsb \nll

" svc 0 \n" /* NOTE: System call to start first task. *x/
n nop \nll

SVCHRMTZEREMAINLN, ERHBNNSRERFMIBMR—, ERHIXHHNEERTP, SVCHIFRTARS REUE
ME9RFRZE SVC_Handler, FRLASVCHMTARSSRERIZFRIAINIZE K SVC_Handler, {BE7EFreeRTOSH, E
FHRAE#IZ vPortSVCHandler () , R 7 BERBIRFIAIGRISVCHET, HERARTEERFSVCHIEMAR I BAFRY
E W FreeRTOSHSVCHIAETARS BFR. FreeRTOSKENZE #7574, BITfEFreeRTOSConfig. hARiRINARING E XA
SEFRME, IEIE PendSV 1 SysTick BIFBTAR S REN B S M ERM—I.

/* Definitions that map the FreeRTOS port interrupt handlers to their CMSIS
standard names. */

#define vPortSVCHandler SVC_Handler

#define xPortPendSVHandler PendSV_Handler

#define xPortSysTickHandler SysTick_Handler

vPortSVCHandler () REFFIABRIEREE—TES, AHRE,

void vPortSVCHandler( void ){
__asm volatile (
" 1dr r3, pxCurrentTCBConst2 \n" /* Restore the context. x/
" 1ldr r1, [r3] \n" /* Use pxCurrentTCBConst to
get the pxCurrentTCB address. */



" ldr ro, [ril \n" /* The first item in
pxCurrentTCB is the task top of stack. x/

" ldmia r@!, {r4-ri11, ri4} \n" /* Pop the registers and the
critical nesting count. */

" msr psp, ro \n" /* Restore the task stack
pointer. *x/

" isb \n"

""mov r@, #0 \n"

" msr basepri, ro \n"

" bx ri4 \n"

" \n"

" .align 4 \n"

"pxCurrentTCBConst2: .word pxCurrentTCB  \n"

);
}
B. {E51#%k

ESRMBAEMETIRPIHMARKRSHOMETS, REENTZES.

1. taskYIELD( )

portYIELD (USEIRME R, SEFRi2NE PendSVIIRRMEL, =RAHMAMNSITAIRRINLN PendSV FHf,
EMAT PendSV FRETARSS R, EEESZIMESR.

#define taskYIELD() portYIELD()
/* Scheduler utilities. */
#define portYIELD()
{
/*x Set a PendSV to request a context switch. x/
portNVIC_INT_CTRL_REG = portNVIC_PENDSVSET_BIT;
\
/* Barriers are normally not required but do ensure the code is completely within
the specified behaviour for the architecture. x/ \
__asm volatile( "dsb" ::: "memory" ); \
__asm volatile( "isb" ); \

}

P

2. XxPortPendSVHandler( )

PendSV FRlfT AR SS iR £ 2 B IE SEEE S5 TR 75 .

void xPortPendSVHandler( void ) {
__asm volatile

"'mrs r@, psp \n"
1 le \nll
n \nll
" 1dr r3, pxCurrentTCBConst \n" /* Get the location of the current TCB. */
" 1ldr r2, [r3] \n"

1 \nll



3.

push high vfp registers. */

tst rl4, #0x10

it eq

vstmdbeq r@!, {s16-s31}

stmdb ro!, {r4-ri11, ri4}

str ro, [r2]

member of the TCB. *x/

"pxCurrentTCBConst:

stmdb sp!, {ro, r3}
mov r@, %0

msr basepri, r@

dsb

isb

b1l vTaskSwitchContext
mov r@, #0

msr basepri, r@

ldmia sp!, {re, r3}

ldr r1, [r3]
of stack. x/
ldr ro, [ri]

ldmia r@!, {r4-ri11, ri4}

tst rl4, #0x10

\nll

\n"
\n"
\n"
\n"
\n"

\n"
\n"
\n"
\n"
\n"
\n"
\n"
\n"
\n"
\n"
\n"
\n"

\n"
\n"
\n"
\n"
\n"

the high vfp registers too. *x/

it eq

vldmiaeq r@!, {s16-s31}

msr psp, ro
isb

bx ril4

.align 4

\n"
\n"
\n"
\n"
\n"
\n"
\n"
\n"
\n"

/%

/%
/*

/*

/*

/*

/*

Is the task using the FPU context? If so,

Save the core registers. *x/
Save the new top of stack into the first

NOTE: call c function here. x/

The first item in pxCurrentTCB is the task

Pop the core registers. x/

Is the task using the FPU context? If so,

.word pxCurrentTCB \n"

::"i" (configMAX_SYSCALL_INTERRUPT_PRIORITY)

);
}

vTaskSwitchContext( )

EEREMARESHIES, REEM pxCurrentTCB,

void vTaskSwitchContext( void ) {
if( uxSchedulerSuspended !'= ( UBaseType_t ) pdFALSE ){
/* The scheduler is currently suspended - do not allow a context switch. *x/

xYieldPending = pdTRUE;

}else{

xYieldPending

pdFALSE;

/* Select a new task to run using either the generic C or port optimised asm
code. */



taskSELECT_HIGHEST_PRIORITY_TASK() ;

¥
b
#define taskSELECT_HIGHEST_PRIORITY_TASK() \
{ \
UBaseType_t uxTopPriority = uxTopReadyPriority; \
\
/* Find the highest priority queue that contains ready tasks. */ \
while( 1istLIST_IS_EMPTY( &( pxReadyTasksLists[ uxTopPriority 1 ) ) ) \
{ \
——uxTopPriority; \
} \
\
/* ListGET_OWNER_OF_NEXT_ENTRY indexes through the list, so the tasks of
\
the same priority get an equal share of the processor time. *x/
\
1istGET_OWNER_OF_NEXT_ENTRY( pxCurrentTCB, &( pxReadyTasksLists[ uxTopPriority 1 )
)i\
uxTopReadyPriority = uxTopPriority;
\

} /% taskSELECT_HIGHEST_PRIORITY_TASK x/

IV. hEfER

Coming soon!

V. EHERE

A. R

1. #3Z: EH4E (BHinE4d)

o EMMIREN uxEventBits : AFMRABHETLRE

o FFZBMAMMESTIK xTasksWaitingForBits : HFHF/HEZBHATEDN/ BN NMESKEMBEENESE
2. Ipde: BHNFRF. BEUSER



static void LED_Task(void* parameter T T
EventBits_t r_event; /71 XA IR R
while(1){ Task2
r_event = xEventGroupWaitBits( Event_Handle, /7 SR gAIRE, mainEdeh e X BRKES
EY1_EVENT |KEY2_EVENT,  // $l(&RBOGE S
pdTRUE, /1 BN AL
pdTRUE, /1 RS A B (ALL)
portMAX_DELAY) ; /7 fRsEm e

3.

T typedef struct EventGroupDef_t {
ez | Evis EventBits_t uxEventBits;
List_t XxTasksWaitingForBits;
T } EventGroup_t;
stat‘zil\{zkni/fEYiTask voidx parameter Task1
if( Key_Scan(KEY1_GPIO_PORT,KEY1_PIN) == KEY_ON i§§${¢

PRINTF( "KEY1 pressed.\n" |;
XxEventGroupSetBits Event_Handle,KEY1_EVENT);

if( Key_Scan(KEY2_GPIO_PORT,KEY2_PIN) == KEY_ON
PRINTF( "KEY2 pressed.\n" );

xEventGroupSetBits (Event_Handle,KEY2_EVENT);
vTaskDelay(20);
' @ @
|

BRENINEE: EHAIENL xEventGroupSetBits (

xEventGroupSetBits () BT EMUEHAPIEENI, JIKEZE, HETZULNESESWES. ERZ
REFEON, BIZHEENEHTERRESHNINEM, REEHFFESHENRLLNSAHEFFEIR, HHES
BESHSHHEERS SRISHNRINGELRE, WRE, WREZES, BEFKE, MEREBCEXNEHR
GARNl, ABBEEREESESFHERTES, ANEHMREE. TENEZRBFRITFEFEHER.




HEiREE=S

BH B FFHATIFRAES S unblock ELEAESS

l

K EANDHIORSZM, FiR(E

|

WEBEHIBREM, FARE

l

BRESUHFHNESNEFIRBBER, FRRMEIFESRHB

l

BB AT A ESS?

l

WMERERS, IR RESTR

IR [E]
ISSUES:
1. BREHRMESZEGEBXNMERETS, NETRENES
2. S5EHBEXESHBEERR, TEMRBTERE XEventGroupSetBits( ... ) #IAMA

PRENTNRE: FHAIZ1F xEventGroupWaitBits( ... )

EventGroupWaitBits () BFREEHEPHN—THZIEHLENE, SEERNEHMSDEBREMMES
BHNEEZERRRT.

FreeRTOSIEMM T — N EFEEBUHME I xEventGroupWaitBits (), BT XDEE, ESAIUAESHATEAS
RIIERLEfI, BHAEHARET, ARBEEES". “BHEN"FHRENBMNBNEMHHTIRE, HEXTRBZIT
EHEBNG, HENEESEFENEHREN, FSTERBIAIEGHER., EXBENEF, UIRBGH—ERKRE,
ZESEREFEERSUEGEHRE., SHEASTPMERSEFFTFESENBEMHEEXNNMNGA, ZESEBE



HABEESENMES, SESFENNEBE TEENEENE, BMESHEERRE, ES5EEEMMBEETER
FRES,

HilREE=S

AR ESHFRRMSUESEERRE? melliRE

l

HEPRZERE), WRI90MIZEDR

l

BHAMESAINEIEHEFSIIRP, KxDelayedTaskListd, {EEIGH#EFEZE

1

mERE=S, HEEMMEES

1

EHME, BIREZE, RESHARTUXEventBits

l

B, REPRPEZE, R[EIFEHHFREuxEventBits

IR [E]
ISSUES:
1. REMNZMESMHHmEUXEventBits, HFARE—EESHELRENTEIRE, BFRFEELCIRIEIEXE
2o %%ﬁﬁ1¥£/d\\jm§|]$1¢:—§ F5IRES, FIREFLFESIER vTaskPlaceOnUnorderedEventList( ... ).
5 xEventGroupSetBits( ... ) RHEIBEXIN,

. Hith



EUE-MIIESEBENNG, ETERTINSESENES, ESHRBERERSHRENERE, THER
W, SESEFENZE, EAMNZIIN—XZ, SHNZNEY. I-—MESHAUSFESIME4ANRE: IUZERE—T
EHRENREESHITEGNE, MU TEMHNREET MBEESHTEHLIE, @, WIUESMES
BHZ1MEM.
o EHANETTH
BIREHR, BPRIMRERXENEHRRETHESIEMERE, SHERERINE, DIER
xClearOnExit ZGRBHREZKFINEMHXE, SNAZBREEKIINEY, IHEMTERPEXBREH
I, AFEMBEEXBIEANS R xWaitForAlIBits FIEEER, BHEFMARMBNSEHEZHGRME
HEE—TSHH.
REEHN, MEESHENEENSEHEE, RESHESHNNNEAHUN]L, ATU—XEARSESTMEMEE,
REEHMINFIERMAESEE.
AREMN, REASHEHORNTBERNEEHEE, NEHEXNNAHETIFORIE, SHARSESHEXKER
BN, —1T32UMNEE (BHEE, IMATRREGNRE24M4) , BTMRZESRENSHELE, He
B—URT—MBMHEE (ORTZBHEERRE. IRTEEHEEEEZRYE) , —H2UIMBMEE,

bit23 bité bit5 bit4 bit3 bit2 bitl bit0

0<j:|-_—<j:.o-o o.o
bit24

EHRENG, SESEAFEETHESTIEHAREMANBES, SEHRENIHRIKIRE,
o BHEHIR
EMMEHAFMEE—TEventBits_t RENTER, REEAIHALEMREventGroup_t REX.

A0SR configUSE_16_BIT_TICKS EXH1, BBAZE uxEventBits HE16MI8Y, HEFBESMIAREMENH

‘H, SNR7% configUSE_16_BIT_TICKSENX N0, FAZLE uxEventBits MiE32fiky, HEHFHE 24 NMIAXRE
fAEMHAH, B—URR—I"BHNRESS, 1ABEY. BESEIUTRAEHNARMRELNE, T EM4

SHLTE 2SI, FreeRTOSHMER T —MHRRRICRESEHNES, MEESEUBSHNESHSKERES
FEM5XK xTasksWaitingForBits,

typedef struct EventGroupDef_t {

EventBits_t uxEventBits;

List_t xTasksWaitingForBits; /*< List of tasks waiting for a bit to
be set. x/
} EventGroup_t;

B. EHEIZEKEN xEventGroupCreate()

xEventGroupCreate() AFRIE—TEHE, HFREIXNNADIR, EI8FERIZRENDRNEL G
FreeRTOSConfig. h & X% configSUPPORT_DYNAMIC_ALLOCATION }31 (#£FreeRTOS.hHEIAENX D 1) ., Wl
REARE xEventGroupCreate () RKEIE—NEH, BAZENRAMZNESHEN. MRERX

# xEventGroupCreateStatic() RKEIE— 1 EH, HBAFTEMNRAMZETSH BN,

o ANEHMEAZFreeRTOSHIAIMRIR, LEFERAMEY, FAUEEIENIR, SRRKHIB-IRAE

o MRDEAFMII, BAMMNBHZFIRNARZEHITOIRE, SHRSATEFTE, RANERIESH,
ERBEEMRE, MNBHESFREMUE N0, AEEAvListInitialise() RIS HZHIRPIOEFS
HIIR#ITIANL, ZIRBTICRFFTZEHHELNES

AFERSEEEX — 1B FEFHRANEH, UMEERNEGTR, HEHCIZEMING, FreeRTOSHEME
H R EF A ARIEE X S Ha iRk E1TIRE. W Event_Handle = xEventGroupCreate();




EventGroupHandle_t xEventGroupCreate( void ) {
EventGroup_t *pxEventBits;

pxEventBits = ( EventGroup_t % ) pvPortMalloc( sizeof( EventGroup_t ) ); /*7E.S(FEH
REOATF*/

if( pxEventBits != NULL ) {

pxEventBits—>uxEventBits = 0;

vListInitialise( &( pxEventBits->xTasksWaitingForBits ) );
}
return pxEventBits;

by

C. E4MPBREEY vEventGroupDelete()

D. EHHENIKREL xEventGroupSetBits() ({£33)

xEventGroupSetBits () AT EMEMHAPFEENNM, SAREMUZE, BAETZULNESESHBES. 8
ZREIEON, BYSEEENEHMERIRESHINEN, RAEEHFFESHNRENBHSFEIIR, FIERE
SRESHNEHREERS SHEHXNRITHELE, MRA, WIREZES. BEXERE, MBREACEXNSMG
SNl HEEERRAESESHEXITEMH, ANEMRRETE. TRNEZREF R FERHPER.

1. EEFAER, BETRNEBEEINEFEZKNNE, BEAFEEHEFEHIIR, HFEEUEAL—TESES

FEM, MUAEHRESEFNEGE, ESATFRME, BRETAFIET, REEHTHRNR, ES57T8E

WRSGRE, mEHHE, RAUAHEEMESRKEERXTIBHGEAL, FIAENICRESRER, iLH55ES

HHECPU,

RIEFAFEEM uxBitsToSet B B BRI

WEXTBHMEMUIREEENMSEEENEY, ALEERHEEFE4IIRFPNES

RNZE[FEGHMNINCER, 28E5ER1BEN

REVMESHERFEMG

MRRFEBHEEE—NTEHMGAORRIREERS (“BEE") , BALHFEEERSERXTEHRET?

FIMEERFNBEHRTRET, RETMEELEESME, EXBER—TEMENES

MRESEENBHHBELRENNR (“BE5") , MEEMNEMBHNSESHTSATNEHRSEHLRE, W

REMEESTREMEBEFRIRE, BELEERC—TEMRENES

9. KIEMENTS, ARETRESETEBRITEN, NRFEMICR TEEEMRIINENL, FBHTIIIZESR
— 018, FRE—HRINHRTEERN, EAEEBEIE—HEESEEXNEN, RETEREISTRZET
BB B RS

10. BHEBHEGNESMNESIIRDEER, HFERMEIMETIRFR

11. BHREHBHEFIR, JERALE—TESESEEFXTEMH

12. MEREE:SR, ZRNRERMETES, NEMERER, BALTFMESHESRAERESERET

0O NO UL WN

EventBits_t xEventGroupSetBits( EventGroupHandle_t xEventGroup, const EventBits_t
uxBitsToSet ) {

ListItem_t *pxListItem, *xpxNext;

ListItem_t const *pxListEnd;

List_t const *x pxList;

EventBits_t uxBitsToClear 0, uxBitsWaitedFor, uxControlBits;

EventGroup_t *pxEventBits = xEventGroup;

BaseType_t xMatchFound = pdFALSE;



pxList = &( pxEventBits—->xTasksWaitingForBits );
pxListEnd = 1istGET_END_MARKER( pxList );
vTaskSuspendAll(); /% 1. HEEIRES+/

{

pxListItem = 1istGET_HEAD_ENTRY( pxList );
pxEventBits—>uxEventBits |= uxBitsToSet; /* 2. Set the bits. */

/* 3. See if the new bit value should unblock any tasks. */
while( pxListItem != pxListEnd ) {

pxNext = TistGET_NEXT( pxListItem );

uxBitsWaitedFor = listGET_LIST_ITEM_VALUE( pxListItem );

XMatchFound = pdFALSE;

uxControlBits = uxBitsWaitedFor & eventEVENT_BITS_CONTROL_BYTES; /* 4. SREEZF=E

HRMRICER */

uxBitsWaitedFor &= ~eventEVENT_BITS_CONTROL_BYTES; /x 5. FREMESHF

FEMH x/

Uc

/* 6. REBEE—ITEBMHMEUAE? */
if( ( uxControlBits & eventWAIT_FOR_ALL_BITS ) == ( EventBits_t ) 0 ) {
if( ( uxBitsWaitedFor & pxEventBits—>uxEventBits ) != ( EventBits_t ) 0 ){ /x*

SFEHENEHRERE? */

XMatchFound = pdTRUE;
¥
}
/* 8. BNFNEFRESHEBRERNEHET GERFIRFEE */
else if( ( uxBitsWaitedFor & pxEventBits—>uxEventBits ) == uxBitsWaitedFor ){
xMatchFound = pdTRUE;
¥

if( xMatchFound != pdFALSE ){
/* 9. The bits match. Should the bits be cleared on exit? */
if( ( uxControlBits & eventCLEAR_EVENTS_ON_EXIT_BIT ) != ( EventBits_t ) 0 ){
uxBitsToClear |= uxBitsWaitedFor;
b
/* 10. RHRBHFMHNESNERFIIRPEBER, FERNIZFIMEINRS */
vTaskRemoveFromUnorderedEventList( pxListItem, pxEventBits—>uxEventBits |

eventUNBLOCKED_DUE_TO_BIT_SET );

by

/* 11. Move onto the next list item. x/
pxListItem = pxNext;

}

pxEventBits—>uxEventBits &= ~uxBitsToClear;
¥
/* 12, MERES */

( void ) xTaskResumeAll();
return pxEventBits—>uxEventBits;



E. EMHHABNMEE xEventGroupSetBitsFromISR() (HHEF)

xEventGroupSetBitsFromISR() & xEventGroupSetBits () Mk A, AFEMNEGHAPIEENM. BAI
EHAPHIREMUE — T TRENERE, EAEEESHANTGA LNESHMHRERHEN. FreeRTOS R
WA ERIREERRIAIIRFRER P R 4ER), FRLA xEventGroupSetBitsFromISR() 44F reeRTOSAYER 14 E AT 23 ARSS
ESE—DMHEE, LBUSHANSREERGEENRRSTSERTR, KEENERSESETAEMMmMIERR
EX I BUSRSSELAY

FreeRTOSHIBR M ERBRRBZESSHMESZS—1F, HERERFAERRBEMLARH#TESAEN, BHRETIEMR
SESHONTRRANEEAESHRERBES, RIEESENMREEZEMIRESMMIARRIRLEN BN, ER
XEEDETI B ARSI, Hit5RE FreeRTOSConfig. h 9% configTIMER_TASK_PRIORITY ENX .

HIC xEventGroupSetBitsFromISR() REEEARItEE xEventGroupSetBits () i, RATREREE
2RSS ESHHTREMBN, FINEXM ERITHE T XIMEKIBREESH.

ERERZRE, HIIE configUSE_TIMERS ] INCLUDE_xTimerPendFunctionCallXLERTE
FreeRTOSConfig. h F&EX A1,

MR anInterruptHandler() @d xEventGroupSetBitsFromISR( ... ) &d
xTimerPendFunctionCallFromISR( ... )&dxQueueSendFromISR( ... )& xEventGroupSetBits()

F. S5 KRE xEventGroupWaitBits ()

EventGroupWaitBits () AFREEBHAFRN—THZNBHLRENG, SEERNEHIMGSERERRME
SWEHENBAEETIRE,

FreeRTOSIEMH T —PNEIFIEE B HMEE xEventGroupWaitBits (), BHIXNEER, ESeIUAESFinsA
RRMLER, BHASBHRET, AEBE“EES". “BEN"FRENRABNEGEHITIRER, HEX TR
M7 EFBERNG, HENHESEFNEHREN, ESTERNEEHER. EXENEFR, MREHF—EBEZL
4, ZESKEREEERSUSIFEHLRE. SEEESSFIRSEFFESENEHFRENNITEAL, 1ZES
BEHEZESEAMES., SESEFNNERE TIEEMEZENE, BMESHERAE, FZHSEEMEES
BRERAMES,

EBAPIERNSE:

o ADO%f| xEventGroup : EHTHE

o NOEM| uxBitsToWaitFor: IEEEBLEFSHATNMPLMN E1, MEFEZSbit 0 and/or bit 2
BB uxBitsToWaitFor AL & H0x05(0101b)

ANO%M | xClearOnExit : &I, pdTRUE: L xEventGroupWaitBits() HFEHBIESREENSH
B, REVEIEMRERS uxBitsToWaitFor I8EMEMHITGAL; pdFALSE: ARBERBRS
uxBitsToWaitFor 38 EMEHIRANAL

ANO%M | xWaitForAl1Bits : pdTRUE: “iB%85"”; pdFALSE: “iZ%ga”

ANOZEH | xTicksToWait : HABIIETE, B AR TIHERA

HO%KM | EventBits_tZEEE : REISHPNMLEEHIISUKEN, REMERASEHAEAFPIEENSHG
fiI, FENREHITHETELE

PR BN S B 4E :

1. ZEFINEATINEUREELHBEFRM TESEFRF/NEM, prvTestWaitCondition() REEXHZ
A —TRPSENEHEE S SRSB4 IREM—H

2. WEFRMT, MANERERET, FEXERONENINSEHNMEREA, ANXZ—TTHENE, FE
AFRECHI—TESHEER. REEAFEENSFFHFERIIE xTicksTowait thEEN0, XHFFTHEER
2R H R EOR[E]

3. BEEERENNEREEEEMRNNNBHIRSENM, WRxClearOnExit ApdTRUENIFZEFREHIRGALL, 4l




B RpdFALSEF AEE S

4. HPIEHPTNHEERSEENEG, HEBFPEERAHITES, PATMERZRY, BFtSREIHAISEMAR
BinEAL, FRATE(ER xEventGroupWaitBits () REIHMEEEXN IREEMART, RIEFFINNEGHI2ES
TEMNEMH

5. MARBFIEEBNINET, HEHBEHRNHEEESZSHNE K, BESHMENEHFRSUEFEHNLE

6. RE—THIEISHNEERIC, UEEMETSHIMEN EHHITHEMAORE

7. BHEESRNAEEHEFIRD, FSEEEEEERE xTicksToWait, HAXPMIRMWERBTRE
ERSEFEHTRNEBINE, NEESHRGUE MRS EFSENESHTHEBRE

8. MERAES

9. EMERERNNE, NMREESMAERNEISZMET, PBAMBITIRESHILIR

10. BFEHAZXBIHBHIINTISELFEFTAET, BA uxTaskResetEventItemValue() REIHE
B xEventListItemfE, ERNZEISHIRINVERRERRT, HEREREEEFAEEEHLRLE

11. WMRUXEBAIRE, BRAAMSEIEZRE SIS EMEE REAL

12. BHEI—RRERETEH

13. MREET, BMBRBHREMHEIRE

14. REISEHFRIBIRSAL

EventBits_t xEventGroupWaitBits( EventGroupHandle_t xEventGroup, const EventBits_t
uxBitsToWaitFor, const BaseType_t xClearOnExit, const BaseType_t xWaitForAllBits,
TickType_t xTicksToWait ) {

EventGroup_t *pxEventBits = xEventGroup;

EventBits_t uxReturn, uxControlBits = 0;

BaseType_t xWaitConditionMet, xAlreadyYielded;

BaseType_t xTimeoutOccurred = pdFALSE;

vTaskSuspendAll();
{

const EventBits_t uxCurrentEventBits = pxEventBits—>uxEventBits;

/* 1. Check to see if the wait condition is already met or not. *x/
xWaitConditionMet = prvTestWaitCondition( uxCurrentEventBits, uxBitsToWaitFor,
xWaitForAllBits );

if( xWaitConditionMet !'= pdFALSE ){
/* 2. The wait condition has already been met so there is no need to block. x/
uxReturn = uxCurrentEventBits;
xTicksToWait = ( TickType_t ) 0;

/* 3. Clear the wait bits if requested to do so. */
if( xClearOnExit != pdFALSE ){
pxEventBits—>uxEventBits &= ~uxBitsToWaitFor;
¥
telse if( xTicksToWait == ( TickType_t ) 0 ){
/* 4. The wait condition has not been met, but no block time was specified, so
just return the current value. */
uxReturn = uxCurrentEventBits;
xTimeoutOccurred = pdTRUE;
telse{
/* 5. The task is going to block to wait for its required bits to be set.
uxControlBits are used to remember the specified behaviour of
this call to xEventGroupWaitBits() — for use when the event bits unblock the task.
*/
if( xClearOnExit != pdFALSE ){ /* 6. RE—THAESHERIRC */
uxControlBits |= eventCLEAR_EVENTS_ON_EXIT_BIT;
}



if( xWaitForAllBits != pdFALSE ){

uxControlBits |= eventWAIT_FOR_ALL_BITS;
¥

/* 7. Store the bits that the calling task is waiting for in the task's event list
item so the kernel knows when a match is

found. Then enter the blocked state. x/

vTaskPlaceOnUnorderedEventList( &( pxEventBits—>xTasksWaitingForBits ), (
uxBitsToWaitFor | uxControlBits ), xTicksToWait );

uxReturn = 0;
+
}

xAlreadyYielded = xTaskResumeAll(); /* 8. MEFE:E */

if( xTicksToWait !'= ( TickType_t ) 0 ){
if( xAlreadyYielded == pdFALSE ){

portYIELD_WITHIN_API(); /x 9. EMREFERNER, WRTESHARNESRE
T, BAFHEITIRESEILR */

b

/* 10. The task blocked to wait for its required bits to be set - at this point
either the required bits were set or the block time

expired. If the required bits were set they will have been stored in the task's
event list item, and they should now be

retrieved then cleared. *x/

uxReturn = uxTaskResetEventItemValue();

/* 11, RN ZBIIRE, BRAMSEZREIHAISHFMNABEIRGAL */

if( ( uxReturn & eventUNBLOCKED_DUE_TO_BIT SET ) == ( EventBits_t ) 0 ){
taskENTER_CRITICAL();
{

/* The task timed out, just return the current event bit value. *x/
uxReturn = pxEventBits—>uxEventBits;

/* 12. It is possible that the event bits were updated between this task leaving
the Blocked state and running again. */

if( prvTestWaitCondition( uxReturn, uxBitsToWaitFor, xWaitForAllBits ) !=
pdFALSE ){

if( xClearOnExit != pdFALSE ){
/*x 13. WIRKRET, BHBRBEHIRSAIHEIRE */
pxEventBits—>uxEventBits &= ~uxBitsToWaitFor;
b
¥
xTimeoutOccurred = pdTRUE;
¥
taskEXIT_CRITICAL();
b

/* 14. The task blocked so control bits may have been set. *x/
uxReturn &= ~eventEVENT_BITS_CONTROL_BYTES;
¥

/* Prevent compiler warnings when trace macros are not used. *x/
( void ) xTimeoutOccurred;
return uxReturn;

}



G. EMHAFRBMEE xEventGroupClearBits() 5
xEventGroupClearBitsFromISR()

xEventGroupClearBits() 5 xEventGroupClearBitsFromISR() #2 AT EMREBHAIETEHNM, WREIKE
BHNHMRSE B NTEMAER, BAMEEZERRXTRECKRH#ITERFR, xEventGroupClearBits () K
TEEfERUrR(ER, MEHEATRRIPINAER xEventGroupClearBitsFromISR() KR E, FBIEMREBHITE

UARFEEN SRSESEETK.
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